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The frequencies of selected alleles in the ABO,Rh,MNS,Duffy,Kidd,
Yt, Scianna, and Colton blood group systems were determined
among four indigenous Chinese ethnic populations: Han,Tajik, She,
and Yugu. Genotypes were determined by PCR or PCR with
sequence specific primers (PCR-SSP). In the Han population, the
frequencies of A1, A2, B, and O1 alleles were 0.189, 0.003, 0.170, and
0.638, respectively, and the O2 allele was not identified. Among D+
Hans, the frequencies of C and c alleles were 0.67 and 0.33 and the
frequencies of E and e were 0.22 and 0.78, respectively. Among D–
Hans, the frequencies of C and c alleles were 0.23 and 0.77 and the
frequencies of E and e were 0.04 and 0.96, respectively. The
frequencies of M and N alleles were 0.478 and 0.522 among Hans
and 0.655 and 0.345 among Tajiks, respectively. The frequencies of
Fya and Fyb alleles were 0.94 and 0.06 among Hans and 0.98 and
0.02 among Shes, respectively. The frequencies of Jka and Jkb alleles
were 0.49 and 0.51 among Hans and 0.56 and 0.44 among Shes,
respectively. The frequency of the Yta allele was 1.00 among Hans.
The frequencies of Yta and Ytb alleles were 0.94 and 0.06 among
Tajiks, respectively. The frequency of the Sc1 allele was 1.00 in both
Han and Tajik ethnic populations. The frequency of the Coa allele
was 1.00 in Han, She, and Tajik ethnic populations.
Immunohematology 2005;21:10–14.
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Serologic studies of blood group gene frequencies
have established certain characteristics among
indigenous Asian (Mongoloid) populations when
compared to European (Caucasoid) populations.1 In
general,Asians have more B, M, and Fya alleles, fewer S
and P1. Lack of D is rare in Asians; the most common
Rh haplotypes are dCe and Dce. The availability of PCR
and polymerase chain reaction with sequence specific
primers (PCR-SSP) for detecting blood group alleles
provides a means for more precise characterization of
the genetic composition of different populations. We
describe the results of a pilot study for determining
selected alleles in the ABO, Rh, MNS, Duffy, Kidd, Yt,




Peripheral blood samples were collected from
healthy volunteer blood donors after obtaining
informed consent. Based on information from personal
interviews, subjects were categorized by ethnic group
as Han (Zhejiang Province), She (Zhejiang Province),
Yugu (Gansu Province), or Tajik (Xijiang Province).
DNA extraction and genotyping 
Genomic DNA was extracted from whole-blood
samples, using a standard salting-out method. Blood
group genotypes were determined by PCR or PCR-SSP,
using previously described protocols, e.g., ABO,2
RHCE,3,4 GYPA,5 FY,6 SLC14A1(JK),7 ACHE,8 ERMAP,9
and AQP1.10 (Table 1).
Gene frequencies
Gene frequencies were calculated using the Hardy-
Weinberg equation, as modified by Mourant.1
Review of Chinese-language publications
We reviewed and summarized the results of other
studies of ABO blood group genotypes that had been
published in Chinese-language journals. The articles
were selected from journals that were listed in the
Qinghua computerized database for the years 1994 to
2004.
Results
Table 2 summarizes the results of genotyping and
gene frequencies, categorized by Rh, MNS, Duffy, Kidd,
Yt, Scianna, and Colton blood group systems. Han
samples were genotyped for selected genes in the Rh,
MNS, Duffy, Kidd,Yt, Scianna, and Colton blood group
systems and for A1, A2, B, O1, and O2. (Table 3)  We found
ABO, Rh, MNS, Duffy, Kidd,Yt,
Scianna, and Colton blood group
systems in indigenous Chinese
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Table 1. Amplification primers
Amplicon Method 
Locus Sense (5´⇒3´) Antisense (5´⇒3´) size(bp) and reference
ABO O1 tTaaGTGGAAGGATGTCCTCGTcGTA aTaTatATGCAAACACAGTTAACCCAATG 137
non O1 TaaGTGGAAGGATGTCCTCGTcGTG aTaTatATGCAAACACAGTTAACCCAATG 137 PCR-SSP
O2 tCGACCCCCCGAAGAAgCT aGTGGACGTGGACATGGAGTTCC 194
non O2 CGACCCCCCGAAGAAgCC aGTGGACGTGGACATGGAGTTCC 193 Gassner C et al.2
B atCGACCCCCCGAAGAgCG aGTGGACGTGGACATGGAGTTCC 195
non B CCGACCCCCCGAAGAgCC aGTGGACGTGGACATGGAGTTCC 194
A2 GAGGCGGTCCGGAA gCG ggGTGTGATTTGAGGTGGGGAC 169
non A2 gAGGCGGTCCGGAACaCG ggGTGTGATTTGAGGTGGGGAC 170
Rh RhC CAGGGCCACCACCATTTGAA GAACATGCCACT TCACTCCAG 357 PCR
Rhc TCGGCCAAG ATCTGACCG TGATGACCACCT TCCCAGG 177 Avent ND3
RHE CCAAGTGTCAACTCTC CATGCTGATCTTCCT 141 PCR-SSP
Rhe CCAAGTGTCAACTCTG CATGCTGATCTTCCT 141 Faas BHW et al.4
MN M CAGCATCAAGTACCACTGGT TGA AACTTC ATG AG CTC TAG 844 PCR-SSP
N CAGCATTAAGTACCACTGAG TGA AACTTCATG AG CTC TAG 844 Eshleman JR et al.5
Duffy Fya CTTCCCAGATGGAGACTATGA CATGAAGAGGACAGTGCTGCTAG 142 PCR-SSP
Fyb CTTCCCAGATGGAGACTATGG CATGAAGAGGACAGTGCTGCTAG 142 Olsson ML et al.6
Kidd Jka CCAGAGTCCAAAGTAGATGTC CATGCTGCCATAGGATCATTGC 301 PCR-SSP
Jkb CCAGAGTCCAAAGTAGATGTT CATGCTGCCATAGGATCATTGC 301 Irshaid NM et al.7
Yt Yta CATCAACGCGGGAGACTTCC TAGACCCATGGTGGCTTTGCT 214 PCR-SSP
Ytb CATCAACGCGGGAGACTTCA TAGACCCATGGTGGCTTTGCT 214 Mengli L et al.8
Sc Sc1 TCACCTCCTTGGGTACCGTACC CTCCCAGTTGGCCTTGTCTC 138 PCR-SSP
Sc2 TCACCTCCTTGGGTACCGTACT CTCCCAGTTGGCCTTGTCTC 138 Wagner FF et al.9
Co Coa ACATCTTCACGTTGTCCTGGAACG CAAGAAGAAGCTCTTCTGGAGG 143 PCR-SSP
Cob ACATCTTCACGTTGTCCTGGAACA CAAGAAGAAGCTCTTCTGGAGG 143 Joshi SR et al.10
Table 2. Genotypes and gene frequencies for Rh, MN, Duffy, Kidd,Yt, Scianna, and Colton blood group systems
Blood systems Population Number Genotype Gene frequency
Rh CC Cc cc C c
Han D+ 121 53 57 11 0.67 0.33
Han D– 111 7 38 66 0.23 0.77
Rh EE Ee ee E e
Han D+ 121 7 40 74 0.22 0.78
Han D– 110 0 9 101 0.04 0.96
MN MM MN NN M N
Han 115 25 60 30 0.478 0.522
Tajik 100 42 47 11 0.655 0.345
Duffy Fya/Fya Fya/Fyb Fyb/Fyb Fya Fyb
Han 102 91 10 1 0.94 0.06
She 90 87 3 0 0.98 0.02
Kidd Jka/Jka Jka/Jkb Jkb/Jkb Jka Jkb
Han 102 26 48 28 0.49 0.51
She 90 26 48 16 0.56 0.44
Yt Yta/Yta Yta/Ytb Ytb/Ytb Yta Ytb
Han 105 105 0 0 1.00 0
Tajik 100 89 10 1 0.94 0.06
Scianna Sc1/Sc1 Sc1/Sc2 Sc2/Sc2 Sc1 Sc2
Han 240 240 0 0 1.00 0
Tajik 100 100 0 0 1.00 0
Colton Coa/Coa Coa/Cob Cob/Cob Coa Cob
Han 103 103 0 0 1.00 0
She 62 62 0 0 1.00 0
Yugu 102 102 0 0 1.00 0
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no O2 among the 156 Han samples tested. To compare
these data with those for other populations, results for
A1 and A2 were combined, yielding a gene frequency of
0.192 for the 156 Han samples. Tajik samples were
selectively genotyped for genes in the Yt, MNS, and
Scianna blood group systems. She samples were
genotyped for genes in the Duffy, Kidd, and Colton
blood group systems, and Yugu samples were
genotyped for genes in the Colton blood group system.
ABO
Of the 156 Han subjects whose samples were
genotyped for ABO, 4 (2.6%), 1 (0.6%), and 36 (23.1%)
were A1A1, A1A2, and A1O1, respectively; 14 (8.9%) were
A1B; 3 (1.9%) were BB; 33 (21.2%) were BO1; and
65(41.7%) were O1O1. The gene frequencies of A1, A2,
B, and O1 alleles were 0.189, 0.003, 0.170, and 0.638,
respectively.
Rh 
Of the 121 D+ Hans, 53 (43.8%) genotyped as CC,
57 (47.1%) typed as Cc, and 11 (9.1%) typed as cc. Of
the 111 D– Hans, 7 (6.3%) were genotyped as CC, 38
(34.2%) were Cc, and 66 (59.5%) were cc. The gene
frequencies of C and c alleles among D+ Hans were
0.67 and 0.33, respectively. Among D– Hans, the
frequencies of C and c alleles were 0.23 and 0.77,
respectively. Of the 121 D+ Hans, 7 (5.8%) were
genotyped as EE, 40 (33.0%) as Ee, and 74 (61.2%) as
ee. Among the 110 D– Hans, 9 (8.2%) were genotyped
as Ee and 101(91.8%) as ee. We did not detect the EE
genotype in this population. The gene frequencies of E
and e alleles in D+ Hans were 0.22 and 0.78; the
frequencies in D– Hans were 0.04 and 0.96,
respectively. The differences in RHCE allele
frequencies were significant between the D+ and D–
Hans.
MNS
We typed for MN alleles, but not Ss
alleles. Of the 115 Hans, 25 (21.7%) were
MM, 60 (52.2%) were MN, and 30 (26.1%)
were NN. The gene frequencies of M and N
alleles were 0.478 and 0.522, respectively.
Among 100 Tajiks, 42 (42%) were genotyped
as MM, 47 (47%) as MN, and 11 (11%) as NN.
The gene frequencies of M and N alleles were
0.655 and 0.345, respectively.
Duffy
Of the 102 Hans, 91 (89.2%) were
genotyped as Fya/Fya, 10 (9.8%) were typed as Fya/Fyb,
and 1(0.98%) was typed as Fyb/Fyb. Of the 90 Shes, 87
(96.7%) were Fya/Fya and 3 (3.3%) were Fya/Fyb. No
Shes typed as Fyb/Fyb and we did not find Fy/Fy in this
population. Among Hans, the gene frequencies of Fya
and Fyb alleles were 0.94 and 0.06, respectively. Among
Shes, the gene frequencies of Fya and Fyb alleles were
0.98 and 0.02, respectively.
Kidd
Of the 102 Hans, 26 (25.5%) were genotyped as
Jka/Jka, 48 (47.0%) were Jka/Jkb, and 28 (27.5%) were
Jkb/Jkb. Of the 90 Shes, 26 (28.9%) were Jka/Jka; 48
(53.3%) were Jka/Jkb, and 16 (17.8%) were Jkb/Jkb. We
did not find the Jk(a–b–) phenotype in this population.
Among Hans, the gene frequencies of Jka and Jkb alleles
were 0.49 and 0.51, respectively. Among Shes, the gene
frequencies of Jka and Jkb were 0.56 and 0.44,
respectively.
Yt
Among the 105 Hans, we found only Yta/Yta and,
thus, the frequency of Yta was 1.00. Among the 100
Tajiks, 89 (89%) were typed as Yta/Yta, 10 (10%) were
typed as Yta/Ytb, and 1 (1%) was typed as Ytb/Ytb. We
did not find the Yt(a–b–) phenotype in either the Han
or the Tajik population. Among Tajiks, the gene
frequencies of Yta and Ytb alleles were 0.94 and 0.06,
respectively.
Scianna
We typed for Sc1 and Sc2 alleles,but not for Rd and
Sc3. Among 240 Hans and 100 Tajiks all were Sc1/Sc1.
Therefore the frequency of Sc1 was 1.00 in both the
Han and Tajik populations.
Table 3. ABO gene frequencies in present and previously published studies of Chinese
Han populations
Han population Number A B O1 O2 Method
Zhejiang (present study) 156 0.192 0.170 0.638 0.00 PCR-SSP
Anfei11 240 0.229 0.213 0.568 nt PCR-SSP
Wuhan12 125 0.244 0.176 0.580 nt PCR-RFLP
Xuzhou13 104 0.249 0.245 0.504 0.00 PCR-SSP
Shanghai14 60 0.233 0.242 0.525 0.00 PCR-RFLP
ShenZhen15 260 0.232 0.185 0.583 0.00 PCR-SSP
Qinduo16 19953 0.2173 0.2438 0.5389 nt serologic
Shandong17 14207 0.2179 0.2512 0.5309 nt serologic
nt: not tested
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Colton
We typed for Coa and Cob alleles. Among 103 Hans,
62 Shes, and 102 Yugus,we detected only Coa/Coa. The
frequency of the Coa allele was 1.00 in all three of these
ethnic populations.
Other studies in Chinese Han
We reviewed articles on ABO genotypes among
Chinese populations published in Chinese-language
journals (Table 3). The allele frequencies for ABO in
the Han population were similar in all articles.
Discussion
In our study, the most frequent ABO allele among
Han Chinese was O1 (0.638), which is similar to the
frequency reported in other studies in Chinese-
language publications (0.504–0.583) (Table 3) and in
other Asian populations.18 Among Caucasian donors in
Europe, Australia, and the United States, approximately
2 to 6 percent of O alleles are O2. O2 was not detected
in the present study, which is consistent with previous
findings in Asian populations.18
Two homologous genes, RHD and RHCE, encode
Rh antigens. RHD codes for the D antigen, and RHCE
codes for the Cc and Ee antigens. The molecular basis
of the D– phenotype among Chinese may be the
absence of the RHD gene, a partial deletion, or the
absence of an intact RHD gene.19 Therefore, PCR is not
readily suited for D genotyping in this population. We
used conventional serologic methods to type for the D
antigen. The frequency of D+ was 99.6 percent in
Hans.Only 0.4 percent of the population was D–.Using
PCR, we typed the RHCE allele (C,c,E,e). RHCE allele
frequencies are obviously different between D+ and D–
Hans because of different populational haplotype
frequencies. In addition, cis and trans effects of RHCE
alleles upon D antigen expression are known, but their
magnitude in this population cannot be determined
from the design of the current study, which did not
include antigen density studies.
We also determined selected blood group
genotypes among She, Yugu, and Tajik minority
populations. The Chinese population includes 56
ethnic groups; 92 percent of the population is Han and
the other 8 percent represent 55 minorities. In this
study, MN allele frequencies are significantly different
between Han and Tajik populations. We did not find Ytb
in Hans, a distinct population characteristic that was
reported previously by Peng et al.20 We identified the
Ytb allele among Tajiks, whose Yt allele frequencies
were similar to those of Caucasians.18 We did not find
Sc2 among Hans or Tajiks; nor did we find Cob among
Hans, Shes, or Yugus. These genes may be absent in
Chinese populations.
The findings of this pilot study demonstrate that
blood group genotypes not only distinguish Asian from
European populations, but also illustrate the varied
genetic compositions of different Chinese ethnic
populations. Most studies of blood groups among
Chinese have been conducted by serologic methods
among emigrant Chinese. The results of this pilot study
encourage us to pursue further studies of the genetic
diversity among indigenous ethnic and minority
Chinese populations.
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